Liver metastasis is one of the most critical factors in deciding the prognosis of patients with colorectal cancer (CRC). Hepatectomy is the most curative treatment for liver metastasis of CRC. The high amount of hepatocyte growth factor (HGF) is produced to promote liver regeneration by hepatectomy. Theoretically, HGF produced after hepatectomy stimulates the progression of CRC cells with c-Met in residual liver. This study was aimed to evaluate the value of hepatectomy towards liver metastasis of CRC in relation to the HGF/c-Met pathway. Ninety-four patients with CRC (including 24 liver metastasis cases) were operated at Gifu University Hospital (2002)(2003)(2004). For these cases, the expression of c-Met in the primary and liver metastatic sites was evaluated by immunohistochemistry and Western blot. Experiments were also conducted on CT26 murine CRC cell line and a mouse liver metastasis model. In clinical study, the c-Met expression in liver metastatic sites was lower than in the primary sites in 87% of 24 cases. In basic study, the expression of c-Met protein in the liver tumor was significantly lower than in culture cells according to Western blot (p=0.033). The growth of residual liver tumors was not significantly different between 30% hepatectomy group and no operation group. The over-expression of c-Met was closely associated with CRC liver metastases. On the other hand, in liver metastatic lesions, the c-Met expression was reduced in comparison to primary lesions. Therefore, even if serum HGF levels increased due to liver resection during the regeneration period, residual liver metastases of CRC was not promoted in its progression. Aggressive hepatectomy would still be acceptable and favorable as a curative therapy.
Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide followed by lung and breast cancer, accounting for more than one million new cases and 500,000 deaths per year (1) . At some point in the natural course of CRC, up to 50% of patients will develop metastasis to the liver (2) . There is no therapy available that will allow survival in these cases over 12 months (3, 4) . Therefore, the arguments about treatments for liver metastasis are quite important for deciding patient prognosis. Among these concepts, recent surgical progress has led to the aggressive resection of visible liver tumors becoming the gold standard treatment (2) . This surgical procedure brings about favorable clinical outcomes, but the propriety of these treatments should be demonstrated by a molecular study for expanding therapeutic benefit.
Hepatocyte growth factor/scatter factor (HGF/SF) and its receptor, c-Met, which was initially discovered as a protooncogene (5, 6) , are well-known to be associated with liver regeneration (6) and the development of normal organs, such as placenta, muscle and central nervous system (7) . The observation of c-Met over-expression or activation has focused on CRC progression with the expression level of primary cancer ranging from 2 to 50 times higher than normal mucosa (8) . In addition, the c-Met pathway has been indicated as playing a critical role in the step from carcinogenesis to the advanced stage of CRC (9) . On the other hand, after hepatectomy as a treatment of metastatic liver tumors, activation of the signaling pathway from c-Met related HGF represents an important factor in the progress of liver regeneration (10) . These factors taken together raise concern that increased levels of serum HGF following hepatectomy might prompt the growth of colorectal cancer cells over-expressing c-Met. To determine the value of surgical resection for CRC metastatic tumors of the liver, the biological responses around hepatectomy should be considered with an understanding for the particular features of CRC. The development of surgical procedures was estimated from the viewpoint of c-Met expression in CRC progression in the present study.
Patients and methods
Patients. Among the patients who underwent surgical treatment for CRC at the Department of Surgical Oncology, Gifu University Hospital between January 2002 to December 2004, 24 cases had liver metastasis. Because of cancer infiltration into the muscular layer in these cases of liver metastasis, another 70 cases of muscular layer invasion without liver metastasis were used to compare for c-Met expression or other clinicopathological features. The experiments were performed in accord with the ethical standards of the Helsinki Declaration of 1975.
Cell lines and culture conditions. CT26 cells, a murine colorectal carcinoma cell line, were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were maintained in RPMI-1640 in sodium bicarbonate and L-glutamate (Sigma, St. Louis, MO, USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 1 mM of HEPES buffer, 1 mM of sodium pyruvate solution and 1% of an antibiotics/mycotics solution (Sigma). Cells were cultured in the CO 2 incubator at 37˚C in a humidified atmosphere at 5% CO 2 and 95% air. Cells were passaged two times weekly.
Animals and in vivo experiments.
Male BALB/c mice, 5 weeks old, were purchased from SRL (Hamamatsu, Japan) and kept in the local central animal facility. The mice were housed under standard conditions and had free access to water and food. Animal procedures were performed in accordance with approved protocols and following recommendations for proper care and use of laboratory animals.
A liver metastatic model of CRC was made by injection of 1.0x10 6 of CT26 cells into spleen of BALB/c mouse, as described previously (11) . At 7, 14, 21 and 28 days after injection, murine spleen and liver were removed and evaluated by Western blot analysis, immunohistochemical study and real-time RT-PCR. The resected specimen was preserved so as to prevent contamination from genomic DNA. Specimens were stored as is at -80˚C or preserved at -20˚C in RNAlater solution (Ambion, Austin, TX, USA) for RNA examination.
Blood collection from mice was performed by submandibular bleeding methods. The bleeding targets the retroorbital and submandibular veins draining the face of the mouse at the point that they join at the origin of the jugular vein. The serum HGF level was evaluated by ELISA method (Tokushu Meneki, Tokyo, Japan). A sample (50 μl) and the same volume of diluted solution were incubated with anti-HGF mouse monoclonal antibody for 20 h. After reaction with rabbit polyclonal anti-HGF antibody for 2 h, peroxidase labeled anti-rabbit immunoglobulin antibody was added for another 2 h. The reaction was stopped by a 0.1 N sulfuric acid solution and the absorbance of each well was measured with a microplate reader (measuring wavelength 492 nm and the reference wavelength 620 nm).
Hepatectomy was performed to correlate serum HGF levels with cancer proliferation or liver regeneration. Thirty per cent hepatectomy was performed by left lateral robectomy and 70% hepatectomy was performed by left lateral and median robectomy. Tumor volume was calculated according to the formula of 1/2 x (long diameter) x (short diameter) 2 , and was well correlation with the water displacement method (r=0.98) (12, 13) .
Cell proliferation assay. To examine the proliferation of CT26, cells were cultured in serum-free medium, and with several factors added subsequently. Proliferation was evaluated by the 3-(4, 5-dimethylthiazol)-2, 5-dephenyl tetrazolium bromide (MTT) test as described previously (14) . To evaluate the proliferative effect of HGF, VEGF and EGF (R&D Systems, Minneapolis, MN, USA), growth factors were used. Cells (5x10 3 ) were seeded in each well of a 24-well plate, and maintained in the usual culture medium overnight. The medium was changed for serum-free RPMI-1640 medium, and after 24 h incubation, growth stimulation by growth factors was started (20 or 40 ng/ml of HGF or EGF, or 10 or 20 ng/ml of VEGF were added to each well at day 0 and day 4). All media were removed and replaced with media containing 0.5 mg/ml MTT (Sigma) followed by 2 h incubation. Quantitation of solubilized formazan was performed by obtaining absorption readings at 550 nm wavelength on a microplate reader.
Immunohistochemistry. Specimens were fixed in 10% formalin and paraffin-embedded by conventional techniques. Freshly cut 5-μm sections were deparaffinized in xylene, and the slides were bathed in 0.01 M sodium citrate and heated in a microwave oven for 12 min. The sections were incubated with polyclonal rabbit monoclonal anti-human c-Met antibody (1:200, Santa Cruz Biotechnology, Santa Cruz, CA) or goat monoclonal anti-mouse c-Met antibody (1:50, R&D Systems) and kept at 4˚C overnight. The slides were subsequently treated with appropriate secondary antibodies conjugated to biotin, then developed utilizing avidin-conjugated horseradish peroxidase (HRP) with diaminobenzamidine (DAB) as substrate and counterstained with hematoxylin. For the secondary developing reagents, Vectastain ABC kit (Vector Laboratories, Burlingame, CA, USA) was used. c-Met-stained cells exhibited a combined membranous and cytoplasmic pattern. These experimental steps followed previously reported methods (15, 16) . The immunohistochemistry results for c-Met were arbitrarily classified into four scores dependent on the intensity of immunoreactivity (9): negative immunostaining, 0; very weak immunostaining, +1; medium positive immunostaining, +2; and strongly positive immunostaining, +3. A total of 94 primary tumors were classified into two groups; 0 or +1 was low grade and +2 or +3 was high grade ( Fig. 1 ). No specific staining was observed in the negative control slides prepared without primary antibody.
Western blot analysis. Surgically removed specimens were frozen in liquid nitrogen as soon as possible after procurement, as described previously (17) . Both tumor and normal surrounding liver, or non-tumor tissue, were obtained from the same individual. Non-tumor tissue was removed from adjacent non-neoplastic liver at least 1 cm in clinical specimen and 5 mm in mouse specimens beyond the margin of the tumor. The specimens were lysed in 1 ml of lysis buffer (150 mM NaCl, 50 mM Tris-HCl, pH 8.0, 0.1% SDS, 1% Triton X-100, 1 mM orthovanadate, 1 mM phenylmethylsulfonyl fluoride, 10 ng/ml leupeptin, 10 ng/ml aprotinin). Insoluble material was removed by microcentrifugation at 13,000 rpm for 15 min at 4˚C. Cell lysates (40 μg of protein/lane) were subjected to electrophoresis (PAGE) using 10% SDS-polyacrylamide gels (Bio-Rad, Hercules, CA). The proteins were transferred to a polyvinylidene difluoride membrane (Millipore, Billerica, MA, USA). After blocking the membrane with Trisbufferd saline with Tween-20 (10 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.05% Tween-20) containing 5% skim milk or 1% bovine serum albumin, the membrane was incubated with anti-human c-Met antibody (Santa Cruz Biotechnology), anti-mouse c-Met monoclonal antibody (R&D Systems), phospho p44/42 MAPkinase (Erk1/2) antibody (Cell Signaling Technology, Denver, MA, USA), mouse monoclonal anti-cyclin B1 antibody (Santa Cruz Biotechnology), and mouse monoclonal anti-cyclin D1 antibody (Calbiochem, San Diego, CA, USA). The membrane was incubated with appropriate secondary antibody; anti-IgG antibody coupled to horseradish peroxidase. Detection was performed with enhanced chemiluminescence reagents (Perkin-Elmer, Waltham, MA, USA). The detected band was analyzed by ImageJ computer software, as described previously (18) . Each value was obtained from the comparison with the level of rabbit polyclonal anti ß-actin (Abcam, Cambridge, UK), and the mean values were calculated from three repeated measures. The above-mentioned methods were applied to the basic study of CT26 and also to the mouse liver metastatic model.
Immunoprecipitation. For detection of the phosphorylation of c-Met in CT26, immunoprecipitation was preformed. Cells (1x10 5 ) were seeded on a 10-cm dish, and stimulated with 40 ng/ml of HGF with the same method as the cell proliferation assay. All cells on the 10-cm dish were dissolved by 500 μl of RIPA buffer. For immunoprecipitation, mouse c-Met antibody (R&D Systems) at the concentration of 1/100 was added to the solution for 2 h and were combined with 100 μl of protein G agarose beads (GE Healthcare, Buckinghamshire, UK) for 2 h. Washing and centrifuging were repeated three times, and then the detection of phospho-c-Met protein was evaluated by Western blot with phospho-tyrosine antibody (Cell Signaling Technology).
Real-time reverse transcription-polymerase chain reaction (real-time RT-PCR)
. RNA of resected tissue or cultured cell was isolated using a Qiagen RNeasy mini kit (Qiagen, Germantown, MD, USA) as described previously (19) . cDNA was synthesized from 5 μg total RNA using oligo-dT primers and Superscript III reverse Transcriptase (Invitrogen, San Diego, CA, USA). Quantitative PCR analysis was performed using a Thermal Cycler Dice real-time system (Takara Bio. Inc., Japan) with SYBR-Green staining of DNA double-strands. The amplification profile consisted of 50˚C for 2 min, 95˚C for 10 min, 40 cycles of denaturing at 95˚C for 15 sec, and annealing at 60˚C for 1 min. The following primer pairs were used: mouse c-Met (sense: 5-GAGACC CAGTTCAACGACAGCA-3, antisense: 5-CTGTAACAAC AGCCAAGTTCAACGA-3), and mouse GAPDH (sense: 5-TGTGTCCGTCGTGGATCTGA-3, anti-sense: 5-TTGCTG TTGAAGTCGCAGGAG-3). PCR analysis was performed using SYBR-Green master mix, according to the manufacturer's recommendations (Takara Bio Inc.). Each mRNA value was normalized to that of the housekeeping mRNA, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), using the standard curve method. Each experiment was done in either duplicate or triplicate, and then, the average was calculated.
Statistical analyses. All numerical data are presented as means ± S.D. The data were examined using Student's t-test, Chi-square test and ANOVA or Kruskal-Wallis test (with appropriate post-hoc analysis for multiple comparisons) to determine the statistical significances. p<0.05 were regarded as statistically significant.
Results
Clinical features, and their correlation with immunohistochemical findings. Clinicopathological characteristics are shown for statistical factors in Table I . Significant differences were not found for the other basic features (sex or age), depth of primary cancer invasion, location and size of tumor and pathological findings. Among the cases of liver metastasis, synchronous metastasis was detected in 15 cases, and metachronous metastasis was detected in 9 cases (median metachronous metastastatic time was 9 months; range was 3-18). In the group with a high expression of c-Met, the metastasis to lymph nodes and liver were significantly higher, at 58 and 87%, respectively, despite the fact that there was no correlation for the other factors. In the CRC cases with liver metastasis, and in both synchronous and metachronous forms (n=24), a high-grade immuno-activity of c-Met in primary tumors was detected in 22 cases (91%), but almost all these cases changed to low-grade activity in liver metastasis sites, except in 1 case (4%) ( Table II) . Western Figure 1 . The expression of c-Met in primary lesions of colorectal carcinoma by immunohistochemistry (n=94): the immunohistochemistry results for c-Met were arbitrarily classified into four scores dependent on the intensity of immunoreactivity: negative immunostaining, 0; weak immunostaining, +1; medium positive immunostaining, +2; and strongly positive immunostaining, +3. In addition, these four groups were classified into two groups; 0 or +1 was the low-grade group, +2 or +3 was the high-grade group.
blot analysis of a small number of selected cases (n=5) also indicated similar results to the immunohisto-chemical study (Fig. 2) . Additionally, in these hepatectomy cases, the serum level of HGF, at 0.35±0.02 ng/ml initially, increased significantly (p<0.0001) to 0.99±0.09 ng/ml post-operatively. Table I . The relationship between clinicopathological features and c-Met expression of patients with and without liver metastasis.
28 (45) 13 (41) 
The relationship between clinicopathological features and c-Met expression of patients with and without liver metastasis. Ninety-four clinical cases were separated into two groups followed by c-Met expression status, as shown in Fig. 1 . CRC patients with liver metastasis (synchronous and metachronous) had significant lymph node metastasis at the time of presenting with primary CRC, compared to patients without liver metastasis (p<0.0001). The high-grade group was detected more frequently than the low-grade group among the liver metastasis group (87%, p=0.0316). Concerning other parameters, there was no significant difference between the two groups. Table II . The relation between the primary site and liver metastatic site of c-Met status.
The pattern of liver metastasis High/high Low/low Low/high
1 (4%) 2 (8%) 0 (0%) 12 (84%) Metachronous n=9 0 (0%) 0 (0%) 0 (0%) 9 (100%) Total n=24 1 (4%) 2 (8%) 0 (0%)
The relation between the primary site and liver metastatic site of c-Met status was estimated for 24 cases with liver metastasis of CRC (synchronous metastasis case: 15; metachronous cases: 9). Both synchronous and metachronous pattern had the same tendency: the primary site was high in c-Met expression. On the other hand, the corresponding metastatic site was negative or had low expression (84 and 100%). This phenomenon was detected in 21 of 24 total CRC patients with liver metastasis (87%). Growth factor expression in vitro and in vivo. Cells were stimulated with growth factors HGF, EGF and VEGF. The cell proliferation was promoted significantly by HGF in a dose-dependent manner (Fig. 3 ), but the other growth factors showed no significant differences when they were combined (data not shown). According to Western blot analyses, c-Met was activated by addition of HGF, and its peak was detected at 30 min after a 5-min start with phosphorylation maintained over 120 min (Fig. 4A ). ERK phosphorylation was found to peak 5 min after HGF addition (Fig. 4B ), but phosphorylation was not detected after addition of either VEGF or EGF (data not shown). Additionally, the production of cyclin B1 and cyclin D1 increased from 12 to 48 h after HGF stimulation (Fig. 4C ) but no stimulation of these factors was observed by VEGF or EGF.
The size of liver metastatic tumors was detected macroscopically, 1 mm (0.1-5.0 mm) on day 14, 1 mm (0.1-12.0 mm) on day 21, and approximately 2 mm (0.1-6.0 mm) on day 28 (the data show the median and the range of diameter) (Fig.  5A) . The expression of c-Met on day 14 decreased from A cultured condition to metastasis (Fig. 5B) , and the averages of c-Met/ß-actin were calculated as 0.44±0.30 for spleen tumors (p=0.001) and 0.76±0.11 for liver tumors (p=0.033). The c-Met mRNA level of spleen or liver tumors was significantly higher (2.82-or 3.60-fold, respectively) compared with cultured cells, but its level in normal liver tissue was higher (3.39-fold), than in the tumors (Fig. 6) .
The effect of hepatectomy and c-Met expression. The serum HGF level was elevated by the 30% hepatectomy (lateral segmentectomy) and was 1.35 times higher than the shamoperated group at 12 h (p<0.05) and returned to nonoperative (sham) levels by 48 h after staying high for 24 h (Fig. 7) . In contrast, the elevation was not noted after the 70% hepatectomy [it was thought that an excessive liver removal was the caused of the low survival rate (3/10) and low serum HGF]. Then, in both the sham and the 30% hepatectomy (30% H) groups, tumor progression was evaluated by measuring the size. The mean-detected tumor number of sham and remnant liver of 30% H except for lateral segments were 10.0 (n=8) and 6.7 (n=6) on day 14, and 16.6 (n=11) and 15.4 (n=7) on day 21. Total tumor volumes of whole liver without lateral segments of sham and remnant of the 30% H were respectively 19.0±20.2 and 5.3±5.8 mm 3 on day 14, and 633±171 and 211±271 mm 3 on day 21. The mean volume of each tumor in sham and 30% H was calculated as 5.8±3.0 and 2.9±1.2 mm 3 on day 14, and 115.1±14.8 and 60.7±15 mm 3 on day 21. There was no significant difference between sham and 30% H in tumor number and volume after hepatectomy.
To demonstrate the transition of c-Met expression, immunohistochemistry was performed (Fig. 8 ). In the center of main tumor c-Met expression was clearly reduced, despite it remaining high in the invasive peripheral area of the main tumor. In addition, there was a difference in intraluminal lesions between still remaining growing space site and filling up occupied area, namely increasing and decreasing, respectively. In all removed tumors of the same mouse at 28 days, which showed range of sizes and weights, the level of c-Met expression evaluated by Western blot analysis was found to have a significant inverse correlation to tumor weight ( Fig. 9 ).
Discussion
Liver metastasis represents one of the most critical issues that will decide the prognosis of CRC patients. Now, a variety of therapeutic approaches have been attempted for this problematic disease (20) , with recent reports showing the benefit of surgical resection (21) . Although the resectability rate is still unsatisfactory at only 20-30% (22, 23) , the operation itself is performed with a low mortality rate and around one-third of patients who have undergone hepatectomy will survive for 5 years or more (21) (22) (23) . Therefore, aggressive concept to expand operative indication might be necessary for the future in the surgical field. To evaluate the surgical resection of CRC liver metastasis tumors, the biological responses due to the operation and also the characteristic markers of CRC should be monitored. Among these biological factors, it is important to note that over-expression of c-Met mRNA and protein is associated with the progress of cancer towards distant metastasis (8, 9, 24, 25) . In the present Figure 6 . Relative quantification of c-Met mRNA was performed by realtime RT-PCR. The c-Met mRNA level in murine spleen tumors (ST) or murine liver metastatic tumors (LT) were significantly higher (2.82-and 3.60-fold, p<0.05) than that of culture cells (cell) in the case where the calibrator was cell. The c-Met mRNA level of normal murine liver tissue (LN) was significantly higher (3.39-fold, p<0.05) than others in the case where the calibrator was normal murine spleen tissue (SN). Except in the cases above, there is no significant difference between the other cases. Figure 7 . The serum HGF level of pre-or post-hepatectomy was evaluated by ELISA. The ratio (%) that is the actual measurement of serum HGF on hepatectomy group to sham operation group was measured. The serum HGF level was elevated in the 30% hepatectomy group (30% H, n=5) and was higher than sham group (n=5). The peak was at 12 h after hepatectomy and 1.35 times higher than the sham group (p<0.05). In the 70% hepatectomy group (70% H, n=3), HGF was not elevated. study, because the wall depth of cancer invasion is a principal indicator for the progression of distant metastasis (26) , first of all, the local situation was unified. Then, leading data indicated that high expression of c-Met in primary CRC site correlated with metastasis in the liver and lymph nodes. HGF-related c-Met pathway activation is critical for not only CRC progression, but also liver regeneration after hepatic resection. It has been feared that hepatectomy would induce tumor growth of the residual liver (27) (28) (29) (30) , but no evidence for this has been demonstrated. Therefore, the present study was planned from the beginning to argue the advantages and disadvantages of surgical procedures for CRC liver metastasis. From immunohistochemical experiments on clinical specimens, the c-Met protein expression in liver metastatic tumors was found to decrease in comparison to the corresponding primary tumor. Western blot analysis also demonstrated the transition of c-Met expression in small number of selected cases, as shown in Fig. 2 . The expression of c-Met is estimated to decrease in liver metastatic lesions, despite an elevated detection of this marker relating to the induction of liver metastasis. In contrast, a comparison of c-Met expression in three synchronous liver metastasis cases showed no significant differences between primary and metastatic tumors (24) . To clarify this phenomenon, basic experiments, both in vitro and in vivo, were carried out.
Receptor expression is regulated by the extracellular conditions, and repeated binding of ligands also mediates a trigger for the down-regulation of membrane-bound receptors (31, 32) . Liver is usually believed to include high levels of HGF in its tissue, so there is a possibility that c-Met expression in the metastatic tumor is down-regulated. However, a high level of tissue HGF in liver has not yet been demonstrated, and the present study also showed a decrease of c-Met in spleen tumor tissue. Therefore, this concept of c-Met down-regulation in liver metastatic tumors might not be supportable. Recently a novel concept for cancer growth and invasion has focused on the epithelial mesenchymal transition (EMT), in which cancer cells change their characteristics from local growth to an invasive and/or metastatic ability as part of their progression (33, 34) . Generally speaking, EMT is well-recognized at the invasive front line of the cancer mass, but not in localized tumors (35) . After moving to distant sites away from the primary tumor, the mesenchymal-epithelial transition (MET) was also associated with a change in activity towards building mass formation (23, 35, 36) . HGF itself is well-known as a scatter factor (SF) (31, 37) , and is involved in the regulation of not only cell growth, but also cell motility and morphology (38) . Carcinoma cells with HGF/SF have already demonstrated a relationship with the EMT (39, 40) , suggesting that primary CRC cells with highexpression of c-Met gained their motility due to HGF/receptor activation, which enables progression to blood vessels and/or distant organs. The present study shows that c-Met expression was reduced in a time-and tumor size-dependent manner after tumor formation at the metastasis site ( Fig. 8) . Taken together, the HGF/c-Met system mediates cancer growth in the steps from local expansion to arrival at a distant site, and is reduced during mass formation at secondary sites. In contrast to this, the level of c-Met mRNA expression was shown to increase in liver tumors when compared with culture conditions. To explain this phenomenon, the occurrence of post-translational modification, which controls the protein translation rate, the half-lives of specific proteins or mRNAs or intracellular location of the protein products (41) , might be necessary. This theory explains that the level of mRNA expression does not always correlate with protein expression (9) , and that the reducing c-Met protein is not induced by levels the expression of this mRNA. Further trials should be conducted to demonstrate this phenomenon.
HGF has been believed to be involved in proliferation for various types of cancers though the stimulation of c-Met (38) . Although it is still unclear whether HGF has a universal cell proliferation role due to the observation of an inhibitory effect in some cell lines (42) , the activation of a c-Met/ERKrelated cyclin-dependent pathway in this study indicated that HGF mediated the growth of the CT26 colorectal cancer cell line in culture. However, despite a 1.35-fold increase in serum HGF in 12 h, hepatectomy was found to induce almost no visible effect on the growth of the remaining liver tumors. This observation supported the results for c-Met reducing in metastatic tumor tissue. Although there was no significant meaning in tumor size, after reduction of tumors by hepatectomy the remaining tumors were shown to decrease in size. The presence of cancer cell networks was also expected, and recently cancer cell-induced interleukin-6, CXCL-8 (interleukin-8) as a member of chemokine family or C-C chemokine motif ligand 2/5 were found to inhibit the drug-induced apoptosis and stimulate cancer cell proliferation (43) . Thus, hepatectomy with some remaining tumors mediates not only reduction of tumor mass, but also blockage of the cancer growing network, related with these types of cytokines.
In conclusion, clinical features for CRC indicated that over-expression of c-Met was closely associated with liver and lymph node metastasis. This is a reason why metastasis occurred due to the HGF/SF-associated cell motility. On the other hand, in liver metastatic lesions, a reduction in the over-expressed c-Met was well correlated with a reduction in tumor growth. Therefore, even if serum HGF levels increased due to liver resection during the regeneration period, aggressive hepatectomy would still be acceptable and favorable as a curative therapy. Figure 9 . All tumors were collected from the same mouse and injected into the spleen with CT26 cells by day 28. The c-Met expression of each whole tumor nodule was examined by Western blot analysis. Tumor weight and c-Met expression were in good logarithmic correlation. (p<0.001, |R| = 0.856, R 2 = 0.709).
